The 5' flanking region of the human urokinase (uPA) gene has been fused to the reporter chloramphenicol acetyl transferase (CAT) gene and its activity assayed by transfection in two human cell lines.
INTRODUCTION
Plasminogen activators, their inhibitors and receptors constitute a complex system which regulates extracellular proteolysis. The activation of plasminogen to plasmin allows the direct degradation of intraand extra-vascular proteins like fibrin, fibronectin, laminin, proteoglycans, etc. as well as the activation of latent collagenases and hence collagen destruction (1) . This enzymatic system has been shown to be important in cellular migration, invasiveness and metastasis of neoplastic cells (2) (3) (4) as originally proposed by Reich (5) . Plasminogen activation, in addition, is likely to play a fundamental role also in a variety of physiological conditions involving cell migration and tissue involution both in embryogenesis and in the adult life (see Refs. 1, 6) .
The urokinase-type plasminogen activator (uPA) has been the subject of extensive studies aimed at understanding its regulation both in normal and neoplastic cells. uPA expression is induced by neoplastic transformation, and in many types of normal and transformed cells by a variety of hormonal or growth-affecting compounds, including growth factors, phorbol esters, polypeptide hormones, retinoic acid and cyclic AMP. The extensive literature is reviewed elsewhere (6) . The uPA gene has been cloned (7, 8) and probes used for several regulatory studies. Briefly, uPA mRNA level is under growth and cell-cycle control (9) and can be induced by phorbol esters (10) (11) (12) . These effects are exerted at the level of transcription (9, 12) .
Several kinds of cis-acting sequences have been shown to control the transcriptional activity of eucaryotic promoters (see Ref. 13 for a review). Transcriptional enhancers can be located far upstream from the transcriptional start site and may also contain regulatory sequences for effector molecules. Trans-acting factors binding to different elements and sequence motifs of the enhancers are becoming more and more characterized (see Ref. 14, for a rewiew). Negatively cis-acting sequences have been described in yeast (15) and in some mammalian genes, including retinol-binding protein (16) , rat growth hormone (17) , c-myc (18) , c-fos (19) and beta-interferon (20) . In these cases, the removal of the negative region results in induction of the gene. Factors binding to this region in the beta-interferon gene have been demonstrated (21) (22) (23) .
In order to understand the molecular nature of the uPA gene regulation, we have now isolated and sequenced the 5 1 flanking region of the human uPA gene, made both 5' and internal deletions, fused them to the bacterial chloramphenicol acetyl transferase (CAT) gene and assayed the promoter activity following transfection in human cells. We report in this paper the presence of at least one positive and one negative cis-acting regulatory element involved in expression of the uPA gene.
MATERIALS AND METHODS

Materials
Restriction endonucleases, T4 DNA ligase, the Klenow fragment of DNA polymerase Bal31 exonuclease and SI nuclease were purchased from Boehringer, Mannheim (W. Germany) with the exception of restriction enzymes OxaNI and Narl which were from New England Biolabs, Beverly, Ma. (USA). Purified chloramphenicol acetyl transferase and acetyl coenzyme A were purchased from Sigma, St. Louis, Mo. (USA). Cell culture All cell lines were cultured in DMEM (Dulbecco Modified Eagle Medium) supplemented with 10X fetal calf serum, penicillin (100 U/ml) and streptomycin (100 ug/ml).
Human kidney carcinoma line A1251 (24) , fibrosarcoma HT1080 (25) and the human fibroblasts transformed with the ori-mutant of SV40, HFS10 (26), have been described.
DNA sequences
The DNA sequence of the 5' flanking region of the uPA gene was determined using the dideoxynucleotide technique (27) with the reverse M13 primer on double stranded DNA templates (28) .
Construction of 5' and Internal deletions
All the p-uPA-CAT constructs were obtained digesting with Bal31 the BamHl-linearized DNA of plasmid p-uPA-CAT-2350-inv, containing the 2380 bp Smal fragment of lambda-uPA-1 phage (nucleotides -2350 to +30) of the human uPA gene (8) cloned in the inverted orientation with respect to the CAT gene in the Smal site of the polyllnker of pEMBL8-CAT vector (16) . The in vitro digested fragments were gel-purified after cleavage with Smal and re-cloned in the correct orientation, upstream of the CAT gene, using the Smal site of pEMBL8-CAT vector. Internal deletions were generated with the appropriate restriction enzymes (see Table 2 and the simplified restriction map in Figure 2 ). Bal31 exonuclease and restriction enzymes were used according to the manufacturer.
DNA transfections
Cells were transfected by the calcium phosphate technique or by the electroporation technique. In both cases, cells were trypsinized 24 hrs before transfection and seeded at a density of 1-3 x 10 cells/60 mm dish. Calcium phosphate precipitates (29) were prepared with plasmid DNA at a concentration of 20 yg/ml. Cells were harvested, lysed and analyzed for CAT activity 48-60 hrs after the addition of DNA precipitates.
The electroporation technique was carried out according to Chu et al. (30) , with a Bio-Rad Gene Pulser or a BRL Cell Porator apparatus. DNA (50-100 ug) was added to the cell suspension (10 6 cells) in 1 ml HEBS buffer (20 mM Hepes pH 7.05, 137 mM NaCl, 5 mM KC1, 0.7 mM NaH2PO4, 6 mM dextrose). The cell-DNA mixture was subjected to a single electric pulse with a voltage of 230 V and a capacitance of 960 uFarad, at room temperature. Cells were analyzed for CAT activity after 72 hrs. In all cases transient expression experiments were carried out in duplicate. Multiple DNA preparations and/or different calcium-phosphate precipitates were used. CAT activity was determined as described (31) . In most cases 100-200 Mg of protein extracts were used in each assay and the reaction allowed to proceed for 1 to 2 hrs. Care was taken to ensure that the assay gave a linear response both with the amount of protein and with the incubation time.
Plasmid pRSV-B-gal, containing the E. coll beta-galactosidase gene under the control of RSV promoter (32) was used in some experiments as internal standard. In these occasions 2 to 4 ug of DNA was coprecipitated with the uPA-CAT constructs DNA. The beta-galactosidase activity was assayed as described (32) .
In several experiments in which the efficiency of transfection was measured, parallel transfection with pSV2CAT or pRSV-CAT were carried out.
DNAs used for transfection were prepared by the alkaline lysis method (33) followed by a double CsCl-ethidium bromide centrifugation. RNA preparation and SI nuclease mapping Total RNA was isolated 48 hours after the addition of DNA to the HT1080 cells transfected by the pUPA-2212-CAT construct, according to Gorman et al. (56) . The probe for the localization of the transcription start site of the uPA-CAT hybrid mRNA molecules was a double-stranded Apal-Eco RI fragment, 337 bp long, 5'end labeled on the Eco RI site and extending from the nucleotide -28 to the nucleotide +309. The SI nuclease protection protocol was essentially as described by the Maniatis handbook (33). After thermal denaturation, the cellular RNA (30 ug) and the labelled probe (2xlO The human uPA DNA spans from nucleotides -2350 to +30 taking +1 as the transcription start site. We used exonuclease Bal31 to generate a series of 5' deletions from -2350 to -72 using plasmid p-uPA-CAT-2350 (see Methods). Each deletion mutant was sequenced to identify the end point. The nucleotide sequence of the 2350 bp uPA 5' flanking region, as obtained by the alignment of overlapping deletion endpoints, is shown in Figure 1 .
The sequence from +1 to -800 had been previously sequenced (8 that sequence must be noticed, since a 24 bp-long direct repeat upstream of nucleotide -408 reported in Ref. 8 has been proved to be due to a cloning artifact. The following features of the sequence can be derived from the analysis of Figure 1 . a. A region about 75Z homologous to the consensus sequence of the Alu family of interspersed repeats (34) extends from nucleotide -2350 to -2144. In particular, a dot matrix analysis (not shown) shows that nucleotides -2350 to -2275 can be aligned with the 3' part of the right monomer of the Alu dimer, while the segment from -2255 to -2156 can be matched to the 5' part.
b. The Alu-like sequence is immediately followed by a stretch of about 130 nucleotides characterized by the presence of repeated motifs (see discussion).
c. Other features include: 1. a directly repeated dodecanucleotide is present between -1870 and -1847. This sequence bears high homology to the binding octanucleotide of the adenovirus 5 EIIaE promoter (35); 2. a 26 bp-long stretch of alternating purines and pyrimidines (potential Z-DKA structure forming sequence) at -1241; 3. a group of five closely spaced putative Spl-binding sites (three canonical GGGCGG and two atypical GGGAGG boxes) (36, 37) between -74 and the TATA box at position -25. Interestingly this region is characterized by the complete absence of T residues between nucleotides -83 and -28; 4. a large number of homologies exists with binding sites for transcription factors. Some of these are discussed below. Deletion analysis of the 5' flanking region of the human uPA gene Three different human cell lines have been used as recipients in transfection experiments: the SV40-transformed HFS10 fibroblasts, the HT1080 fibrosarcoma and the epithelial A1251 kidney carcinoma cells.
All cell lines produce uPA (38, 39 and our unpublished results).
The deletions relevant to this paper are described in Figure 2 . In addition to the 5 1 deletions generated by Bal31 exonuclease and shown in Figure 2A , a series of internal deletions obtained by restriction endonucleases is shown in Figure 2B . Table 1 shows the results of transient expression experiments performed with the above series of deletions in the three cell lines. Transfections were always carried out at least in duplicate, by both calcium phosphate coprecipitation and electroporation methods with coinciding results.
The interexperimental variations have been compensated normalizing the CAT activity data to those obtained with the longest construct, p-uPA-CAT-2212. However, constructs like p-uPA-CAT-2350 essentially behave as the latter (not shown).
The transcription start site of a uPA-CAT fusion gene carrying 2212 bp of 5' flanking sequence (puPA-CAT-2212, see below) has been determined by SI mapping. As shown in Figure 3 , an unique protected band, indicated by the arrow, is present after digestion with SI nuclease, in addition to the 337 bp long band corresponding to the reannealed double-stranded probe. The size of the new band is in agreement with the expected lenght of 309 nucleotides, based on the 28 base pairs distance between the unlabeled end of the probe and the first nucleotide of the uPA transcript, as determined for the it CAT activity is expressed in percent of substrate converted in 60 minutes by 100 ug extract, normalized to the activity of the longest deletion mutant, p-uPA-CAT-2212 which is arbitrarily set = 100. * Data represent the average of at least 5 experiments carried out in duplicate, with the exception of constructs p-uPA-CAT-536, -300, -286 and -244 (average of 3 experiments), of p-uPA-CAT-2106 (2 experiments) and p-uPA-CAT-1570 and -1413 (1 experiment). **Data represent the average of 2 experiments with a variation of 10Z or less. In several other experiments in which not all constructions were used, the same pattern of expression has been consistently confirmed. ND -Not Done.
endogenous gene. Therefore, we conclude that the same transcription start site of the uPA gene is utilized in the uPA-CAT constructs.
The results of the transient expression experiments (Table 1) indicate that distal sequences are required for uPA expression in both A1251 and HFS10 cells, since their removal drastically reduces CAT activity. A more obvious quantitative difference exists between A1251 and HFS10 cells: in fact, while in A1251 cells the constructs with more distal end-points display a promoter activity 5 to 10 fold higher than the other constructions, this difference is between 50 and 100 fold in HFS10 cells (compare p-uPA-CAT-2212 with p-uPA-CAT-72).
Although the transfection efficiency of the two cell lines was not directly tested in the experiments of Table 1 , in several other cases we have directly verified that a different efficiency of transfection does not explain this difference. Overall, A1251 and HFS10 cells can be transfected with about the same efficiency (data not shown). Since the absolute CAT activity values of the longer constructs did not vary by more than two fold in the two cell lines, the differences observed in constructions carrying 1870 bp or less of 5' flanking region likely indicate the presence of A1251-specific positive acting sequences.
In some experiments, constructs puPA-2212-CAT, puPA-408-CAT and puPA-72-CAT were cotransfected with pRSV-B-gal in A1251 cells and the CAT activity normalized to beta-galactosidase activity. The results showed that the ratios between normalized activities of puPA-CAT constructs remained the same as in the experiment of Table 1 (data not shown).
The location of the sequences required for high level expression varies somewhat in the two cell lines.
The boundary might be set upstream from -1870 in A1251 cells, or from -1963 in HPS10 cells.
Transfection of some deletions into HT1080 cells give results similar to A1251 cells rather than to HFS10 cells (not shown).
Transfection of p-uPA-CAT-Nar, an internal deletion removing from -42 to -14, and thus the TATA box, totally abolishes the activity. Thus the hybrid genes do require the physiological (8) TATA box.
As shown in Table 1 , all 5' deletions including a construct with only 72 bp upstream of the transcriptional start site, give rise to a level of CAT activity detectably above the background of the promoterless pEMBL8-CAT vector. This level does not change much in the group of constructions carrying less than 1870 bp. The major exception to this rule is the construct p-uPA-CAT-408 which shows a peak of activity which is more pronounced in A1251 than in HFS10 cells. The relative differences in these two cell lines result in a different profile of CAT activity vs. distance from the transcriptional start site.
In summary, the above experiments show that the uPA promoter is active in both A1251, HT1080 and HFS10 cells and that a cis-acting positive region (more evident in HFS10 than in HT1080 and A1251 cells) is present upstream from -1870. The region downstream from -1870 contributes to the activity of the uPA promoter much more significantly in A1251 than in HFS10 cells.
The cls-actlvatlnR region is an enhancer element
The positive, cis-acting effect of the region upstream from nucleotide -1870 might be due to the presence of a transcriptional enhancer. To test this hypothesis, we cloned this region in both orientations upstream from the transcription start site of the enhancerless SV40 early promoter, in the single Bglll site of pA10-CAT-2 (40) or in the Smal site of the polylinker of pUC19-CAT (16) . Two restriction fragments were used: the 779 bp Smal-PvuII (-2350 to -1572) and the 1815 bp Smal-EcoRV fragment (-2350 to -536) ( Figure 4A The constructions containing the upstream activating region of the uPA gene and the control plasmids pA10-CAT2 and pSV2-CAT, which has the wild type SV40 early promoter and enhancer (41) , were transfected into HFS10 cells and CAT activity assayed. As shown in Figure 4B , pSV2-CAT promoter activity is at least 20 fold higher than that of pA10-CAT2. The fragments derived from the 5' flanking region of the uPA gene stimulate about tenfold the enhancerless SV40 promoter, independently of the orientation.
The extent of stimulation is about the same for the 779 and the 1815 bp fragments.
Similar data were obtained with HT1080 and A1251 cells (not shown). Thus an enhancer is present in the 5' flanking region of the human uPA gene, 5' from -1572. The results obtained with the 5' deletions (Table 1) suggest that the enhancer may be localized upstream from -1870. In a series of experiments carried out with the 525 bp Smal-OxaNI fragment (-2350 to -1824) cloned upstream of the enhancerless SV40 promoter in pUC19-CAT, we have further defined the 3' limit of the enhancer to -1824.
With this last fragment the enhancement of transcription from the SV40 promoter was about 5 fold more pronounced than with the 779 Smal-PvuII fragment (data not shown). This difference might be compatible with the presence of cis-acting negative regulatory sequences between -1824 and -1572 (see below).
A negative cis-acting region downstream from the enhancer element
The presence of further cis-acting sequences functionally involved in the regulation of transcription from the uPA promoter was also explored using the internal deletions shown in Figure 2B . All plasmids shown in the Figure were derived from the longest uPA-CAT construction, p-uPA-CAT-2350. Several internal deletions were generated between nucleotides -1824 and -14, using the restriction sites indicated in Figure 2B , leaving intact the cis-activating region upstream of -1870.
The results of the transient expression experiments in A1251 cells are shown in Table 2 . An intact TATA box is still present in all constructs of The results are expressed in percent of CAT activity of the full-size construct (p-uPA-CAT-2350) and represent the average of several experiments conducted in duplicate with less than 15Z variation.
The numbers in parenthesis represent the number of times the particular construct was tested. The constructs are named by the restriction enzyme used to cause the internal deletion.
this series except in p-uPA-CAT-Nar in which nucleotides -42 to -14 have been deleted. Again, this construct has essentially no activity. Deletion of the putative Spl binding sites in the construction p-uPA-CAT-Apa (deleted from -1408 to -29), reduces the promoter activity without abolishing it. In addition, the simple shortening of the distance between the upstream enhancer and the promoter has no significant effect, as shown by the activity of the deletions p-uPA-CAT-Apa2 (-1408 to -364) p-uPA-CAT-PvuRV (-1572 to -536), p-uPA-CAT-0xaRV2 (-1199 to -536) and p-uPA-CAT-RVPvu (-536 to -408).
On the contrary, the two constructions p-uPA-CAT-Oxa and p-uPA-CAT-OxaRV, corresponding to the two overlapping deletions -1824 to -1199 and -1824 to -536, cause a 3 fold increase in uPA promoter activity. These data suggest that in these two deletions a negative cis-acting region has been removed. Since the deletion p-uPA-CAT-PvuRV (-1572 to -536) has no effect on the uPA-CAT activity, the negative cis-acting region must be located between -1824 and -1572. Similar results have been obtained in transient expression experiments with HFS10 and HT1080 cells (not shown).
DISCUSSION
The question of which cells physiologically express the uPA gene is still an open question.
InHnunocytochemical studies have shown that very few cells contain uPA in intact mice and that this is a property of both fibroblast-lilce and epithelial-like cells (42) . On the other hand, neoplastic transformation in vivo and in vitro is associated with an increase in uPA production (reviewed in Ref. 6 ).
We have chosen human uPA-producing transformed cells of both fibroblast and epithelial origin to dissect the DNA sequences in the 5' end of the human uPA gene. The data we report represent the first analysis of the uPA promoter.
Analysis of the nucleotide sequence of Figure 1 shows that the uPA promoter does not have a typical CAAT box and suggests that its basic elements be the TATA box and the SP1 binding sites. We have shown that the TATA box is an essential element of the uPA promoter since a 28 bp deletion (p-uPA-CAT-Nar) removing one Spl binding site and the TATA box, completely abolishes promoting activity ( Table 2 ). This data also demonstrates that CAT expression from the transfected p-uPA-CAT constructs requires the physiological transcription start site, i.e. that of the endogenous uPA gene (8) . SI analysis confirmed this prediction (Figure 3) .
Binding of Spl transcription factor to GGGCGG motifs (36) plays a relevant but not essential role in the expression of the uPA promoter.
In fact, the construct p-uPA-CAT-Apa (-1408 to -29), in which all putative Spl binding sites have been removed, has a drastically reduced but not totally abolished CAT activity. Analysis of the DNA sequence generated by the above deletion shows that a sequence GGGCCC is generated at the junction (not shown). We cannot exclude that the residual promoter activity of the construct depends on this anomalous Spl-like sequence.
Deletion analysis of the uPA 5 1 flanking region shows that about 2100 bp are required for highest expression of the uPA-CAT hybrids in both types of uPA-producing cells. At least two cis-acting regions affect basal uPA expression: an enhancer and a negatively acting region. The upstream enhancer
The upstream activating region has the features of a transcriptional enhancer.
Three different yet overlapping fragments (extending from nucleotides -2350 to -536, -2350 to -1572 or -2350 to -1824) were able to stimulate transcription from the enhancerless SV40 promoter in an orientation-independent way in HFS10 (Figure 4 ), HT1080 and A1251 cells (not shown). Thus at least in these cells the sequences downstream from -1824 are not required for enhancing activity.
The ten fold stimulation of transcription from the SV40 promoter obtained with the two longer fragments ( Figure 4B ) is lower than that observed with the 525 bp fragment, or than the effect that the same DNA region exerts on its own promoter (Table 1) . This is in agreement with the presence on the two longer fragments of a negative cis-acting element, located by the internal deletion analysis within -1824 and -1572 (see below).
Analysis of the DNA sequence (Figure 1 ) and the results obtained with the 5' deletions (Table 1 ) allow a broad definition of the upstream enhancer acting in HFS10 and A1251 cells.
The 210 bp region matching the Alu consensus sequence is likely to play no enhancing function since its removal has little or no influence (data not shown). The enhancer may, therefore, start downstream from the Alu sequence at nucleotide -2140. The results with the 5' deletions in A1251 cells show that the -1870 and shorter constructs exhibit similar low levels of CAT activity.
We therefore tentatively position the enhancer between -2140 and -1870. Additional experiments will be needed to determine the precise boundaries. In HFS10 cells, however, the 3 1 limit of the enhancer appears to be around -1963.
An A1251-specific element of the enhancer, therefore, may be located between -1963 and -1870.
Many cellular and viral enhancers display a characteristic modular structure with closely spaced motifs (14). The sequence analysis of the uPA 5' flanking region has revealed a similar structural organization ( Figure  1) . The 80 bp region between -2133 and -2053 contains two alternatively repeated octameric motifs, box A (VgAAGAG^/ T/ ) (underlined in Figure 1 ) and box B (GAAGT T ,/ G CT) (overlined in Figure 1 ). The latter contains the sequence (GAAGTG) which has been shown to bind the HeLa cells factor E4-TF1 (43) . The spacing between corresponding nucleotides in each box A is 19, 20 and 31 nucleotides; in the case of box B, the spacing is of 30 or 18 nucleotides (see Figure 1 ). In addition, the sequence TGGATA, matching the core consensus of several viral and cellular enhancers (44) and which has protein binding activity (14), is present in the 14 bp stretch separating the third and fourth repeat.
Immediately downstream from this region, starting at nucleotide -2049, a G / GGGG A / G G / A sequence ( Figure 1 , highlighted by a dashed line on the top), is repeated three times. It is interesting to notice that this sequence closely resembles the AP-2 binding site (45) . In A1251 cells the partial or complete removal of this entire structurally characteristic region until nucleotide -1963 (see Table 1 ) only reduces the transcriptional activity (Table 1) , complete inactivatlon being reached only in the uPA-CAT-1870 construct. In HFS10 cells, however, the effect of removal of the region upstream from -1963 is much more pronounced. Thus, the region from -1963 to -1870 might have an important role in HFS10 cells.
Sub-elements of SV40 enhancer have been assigned different cell-specific functions (46) . It is possible that when more cell types will have been examined, a similar and possibly higher complexity will be revealed in the uPA enhancer. The upstream negative el"""»nt
In the presence of the enhancer, removal of sequences -1824 and -1572 of the uPA 5' flanking region results in increased expression of the uPA-CAT hybrid DNA in A1251 (Table 2 ), HT1080 and HFS10 cells.
Moreover, the enhancing activity of the region assayed with the enhancerless SV40 promoter is increased about 10 fold by the removal of the region between -1824 and -1572. These two sets of results strongly suggest the presence of a cisactlng negative region.
The increase in CAT activity is not a consequence of the shortening of the distance between the enhancer and the promoter. In fact, CAT activity of the internal deletions in which the segments between -1408 and -364, -1572 and -536, -1199 and -536, -536 and -408 were removed (Table 2) , is not significantly affected.
Enhancerless 5 1 deletions show about the same CAT activity (with the exception of p-uPA-CAT-408 discussed below), independently of the presence of the negative region. Therefore, it seems possible that this region reduces the efficiency of the upstream enhancer rather than block the function of the downstream promoter element. The presence of a negative control region in the uPA gene explains previous observations that on the whole suggested the existence of one or more negative regulatory factors. First, cycloheximide treatment increases the level of uPA mRNA in several normal and transformed cells (9, 12) , an effect due at least in part to an increase in transcription of the uPA gene (47) . Second, in LLC-PK1 cells, in which uPA production is dependent on calcitonin addition (48) , recessive calcitonin-independent mutants in uPA expression have been isolated (49) .
Conclusions
We have demonstrated the existence of at least two upstream regulatory regions of the human uPA gene: one enhancer and one cis-acting negative region. Both appear to affect the basal level of uPA gene expression at least in two cell lines. It is important to realize that the "basal level" of uPA gene expression may not be really basal, since it may be influenced in A1251 cells by the autocrine secretion of growth factors (50) and in HFS10 cells by the presence of SV40 T antigen (26) . Therefore, the uPA regulatory region might be the target site for the action of inducing growth factors or T antigen. Further work is required to elucidate this point.
On the whole, the structure of the uPA regulatory region suggests that, like in other enhancers, regulation might involve multiple cis-acting sequences and different trans-acting factors in different cells (13) .
Similarly to other enhancers, which contain both positive and negative elements (51, 52) , phorbol ester responsive elements (53) , or other hormone responsive elements (13) , the uPA enhancer might possibly extend on the 3' end well beyond nucleotide -1870 to include the negative region and more downstream sequences. In fact, we find that a long stretch of 5' flanking region, from -1572 to -72, contributes specifically to uPA-CAT expression in the kidney-derived A1251 cells, but not in the HFS10 fibroblasts. The specificity is shown by the absolute requirement of the uPA TATA box (Tables  1,2 ). Thus in A1251 cells the uPA gene activity depends at least in part on sequences located 3' of the negative region.
Within this region the construct p-uPA-CAT-408 has a pronounced peak of activity in A1251 cells (Table 1) . Since this peak is confined to one single construction, it may represent the result of a cloning artifact, in which a promoter sequence has been generated by the junction of uPA and vector sequences. An alternative possibility, however, is that this region represents a cell specific controlling element of the uPA promoter. While the available data do not yet support this conclusion (see for example the data on internal deletions of Table 2 ), it is worth noting that the sequence (-417 CTCCATCAGCTGCGG-403) bears a noticeable homology (underlined residues) with a cyclic AMP and phorbol esters responsive element of human enkefalin gene (-93 CTGCGTCAGCTGCAG) (54) , and contains the AP-4 binding site (55) .
Thus, uPA-CAT-408 cuts right in the middle of a potentially significant region.
We have thus started to uncover the complex functions of the uPA promoter elements. We feel that further studies will reveal that most if not all sequences downstream from the negative element possess functions in cell-specific expression and/or contain elements responsive to transcriptional stimulation by regulatory factors like phorbol esters, cyclic AMP, growth factors, etc.
